Abstract Some coral species have extremely long life spans. Many corals have the capacity to regenerate from fragments or pieces of tissue; thus, they rely, at least in part, on asexual reproduction for the maintenance of their populations. As a first step in understanding the mechanism underlying the long life span of corals and their possible rejuvenation during asexual reproduction, we studied whether the somatic tissues of the coral Galaxea fas cicularis had telomerase activity. We quantified the level of telomerase activity in various parts of polyps using stretch PCR. The outer and inner wall tissues of the polyps showed similar levels of telomerase activity, which were comparable with that of HeLa cells, on a unit protein basis. Because the outer wall tissue does not contain gonads, it is suggested that somatic tissues of the coral possesses telomerase activity. Telomerase activity was detected throughout the year in the polyps, regardless of the gonad maturation stage. This study reports that the somatic tissue of the coral has telomerase activity.
Introduction
Telomeres, tandem repeats of DNA sequences at the ends of eukaryotic chromosomes, protect chromosomes from degradation, rearrangement, and chromosomal fusion (Blackburn 1991; Zakian 1995; Urquidi et al. 2000) . Telo meres shorten progressively at each round of cell division, because of incomplete replication at the 5′-end. Thus, telomeres are believed to be related to cell ageing and the lifespan of eukaryotes (Nakagawa et al. 2004 ).
Telomerase is a ribonucleoprotein reverse transcriptase that is capable of synthesizing telomeric repeats at chromo some ends (Blackburn 1991) . Telomerase prevents the re plication-dependent loss of telomeres and cellular senesc ence in highly proliferative cells (Counter 1996; Urquidi et al. 2000) . Thus, telomerase activity and telo mere main tenance are associated with cell immortality.
Some corals show indeterminate growth and have long lifespans (Potts et al. 1985; Hughes and Jackson 1985; Lough and Barnes 1997; Soong et al. 1999) . Many scleractinian corals proliferate by fragmentation; new colonies are formed via regeneration of small fragments (Krupp et Somatic tissues of the coral Galaxea fascicularis possess telomerase activity al. 1992; Karmarsky-Winter and Loya 1996) . Currently, it is unknown whether such regenerated colonies are of the same age as their source colony (Permata and Hidaka 2005) . Do corals regenerated from fragments become senescent at the same time as their source coral? This is an important question not only for population dynamics and the demography of corals but also for coral reef conservation plans such as reef restoration via the transplantation of coral fragments.
If the somatic cells of corals have telomerase activity, telomere length should be maintained and coral cells might be able to proliferate indefinitely. As a first step towards understanding the mechanism that enables the long lifespan of corals and their possible rejuvenation during regeneration or asexual reproduction, we investigated telomerase ac tivity in the somatic tissues of a colonial coral, Galaxea fascicularis.
The coral G. fascicularis produces large polyps; thus, we were able to measure telomerase activity in the outer wall tissues, which do not contain gonads, in the inner wall tissues, which contain gonads, and in the newly formed buds. We also measured telomerase activity monthly in polyps sampled from the same colonies for ten months to investigate whether the level of telomerase activity was influenced by the gamete maturation stage.
Materials and methods
Seven colonies of G. fascicularis were collected from a reef at Cape Zampa, Okinawa, southern Japan, in November 2007 . Four of the colonies were female; the remaining three were male. The colonies were kept in an outdoor tank supplied with unfiltered seawater at Sesoko 
Sampling of polyps and tissues for telomerase extrac tion
Tissues for telomerase preparation were excised from whole polyps of G. fascicularis as well as various parts of the polyps, including the inner and outer wall tissues and newly formed buds. Polyps with their skeletons, or corallite, were isolated from colonies and the basal skeletal portion was removed. We cut the polyps longitudinally with a nipper and removed the inner or outer wall tissues using a WaterPik. The remaining parts were used as 'outer wall tissue' or 'inner wall tissue' samples for telomerase extraction. For telomerase assay of newly formed buds, five isolated polyps were kept in a tank with running seawater for 3 weeks; newly formed buds were isolated from the polyps and used for telomerase extraction.
To investigate possible seasonal variation in telomerase activity in the coral, polyps were sampled each month for 10 months from seven colonies. In this experiment, whole polyps were used for telomerase extraction.
Tissue extraction for telomerase preparation
Whole or partial polyps were homogenized in liquid nitrogen using a mortar and pestle. The homogenates were then placed in microtubes on ice. Following the addition of 1 mL of PBS, the suspension was vortexed and centrifuged, and the supernatant was removed with a pipette. 
Telomerase assay by stretch PCR
The telomerase assay was carried out using a TeloChaser kit (Toyobo) as described elsewhere (Ojimi et al. 2009 ).
Briefly, telomeric repeats were added to the 3′-end of a substrate oligonucleotide by the telomerase in the tissue extract. The extended products were then amplified by PCR and detected by polyacrylamide gel electrophoresis as a ladder of products in six-base increments. In the stretch PCR method, the addition of tag sequences to the 5′-end of the forward and reverse primers, together with the high annealing temperature, enables the amplification of a full-length first-cycle product during the second round of PCR. In the TeloChaser protocol, the elongated products are purified before PCR to remove possible PCR inhibitors (that is, carry-over of impurities from the tissue extract).
For the telomeric repeat extension of the oligonucleotide, 20 μL of telomerase extract (containing 1-5 μg of protein)
were mixed with 20 μL of the extension reaction mixture provided with the kit and incubated at 30℃ for 35 min.
The elongation products were purified according to the kit protocol, and precipitated with ethanol. The elongation products were then amplified by PCR. Each product was dissolved in 25 μL of PCR master mix, heated to 95℃ for 3 min, cooled to 85℃, and mixed with 5 μL of Taq polymerase solution (1 U) that had been preheated at 85℃ for 5 min. The reaction conditions were 95℃ for 30 s, 55℃
for 30 s, and 72℃ for 45 s for a total of 26 cycles. The products were then applied to non-denaturing poly acryl amide gels. After electrophoresis, the resulting ladder pattern, with six-base increments, was visualized using ethidium bromide staining and UV illumination. 
Semi-quantification of telomerase activity
To compare the levels of telomerase activity among the samples of G. fascicularis, the intensity of the ladder bands for each telomerase product was measured. In TeloChaser, the ladder of products with six-base incre- Telomerase activity was calculated as:
where TA is the telomerase activity, S is the intensity of the sample band ( If the level of telomerase activity was too high, the intensity of the internal control bands decreased, due to competition for primers between the elongation products and oligonucleotides for the internal control, resulting in an overestimation of telomerase activity. However, no significant correlation was found between telomerase activity and the intensity of the internal control bands (data not shown), suggesting that the intensity of the internal control band was not influenced by the level of telomerase activity in this study.
Cloning and sequencing of the telomerase products
The elongation products produced using extracts of G.
fascicularis were cloned and sequenced to determine the telomere sequence. Following PCR, the products were electrophoresed on agarose gels and purified using a QIAquick Gel Extraction Kit (Qiagen), and then cloned using a TOPO TA cloning kit (Invitrogen). Sequencing was performed on an ABI 3730xl sequencer (Applied Biosystems)
by Macrogen Japan Co., Ltd.
Results and discussion
The extracts from whole polyps of G. fascicularis exhibited ladder patterns following electrophoretic separation, indicating that the polyps had telomerase activity (Fig. 1) . The stretch PCR products of G. fascicularis tissues exhibited clear ladder patterns between 80 and 200
bp, but, in many cases, produced a smear beyond 200 bp.
In some cases, certain bands of the ladder were stronger than other bands. This band pattern was consistently obtained when monthly samples from one of seven colonies were assayed. This might be due to shortage of the substrate for telomerase in some samples with high telomerase activity. In the conventional telomerase assay unaided by PCR, the most intense signals were found not for the shortest products, but for the products with intermediate numbers of added repeats (Tatematsu et al. 1996) . We semi-quantified the level of telomerase activity, based on the intensity of the ladder bands for the stretch PCR products. The outer and inner wall tissue of polyps of G. fascicularis showed a level of telomerase activity that was several times higher than that of human tumor
cells (HeLa cells). There was no significant difference in
telomerase activity between the inner and outer wall tissues ( Fig. 2A, t -test, p＞0.70) . No significant difference was found in the telomerase activity between the newly formed buds and outer wall tissues (Fig. 2B, t-test, p＞ 0.69).
The polyps of four female colonies exhibited telomerase activity throughout the year, regardless of the gonad maturation stage (Fig. 3) . There was no significant correlation between telomerase activity and month (correlation analy-
sis, p＞0.54).
The elongation products produced by telomerase extracted from G. fascicularis contained the motif TTAGGG.
Four of 19 clones contained the motif TTAGGG and the number of repeats was variable (six to eleven repeats) among the clones. In the remaining 15 clones the internal control sequence (65 bp) was inserted. The result proves that telomeres of the coral G. fascicularis contained TTAGGG repeats. This is consistent with recent studies that the telomere sequence is highly conserved among basal metazoans (Traut et al. 2007) , and that the telomeres of some corals possess the TTAGGG motif (Sinclair et al. 2006; Zielke and Bodnar 2010) .
This study shows that somatic tissues of the coral G.
fascicularis possess telomerase activity, and is consistent with recent report that telomerase was detected in nuclear extract of three coral species (Zielke and Bodnar 2010) .
The outer wall tissues of G. fascicularis polyps, which do not contain germ cells, exhibited telomerase activity similar to that of the inner wall tissues, which do contain germ cells. Telomerase activity was detected throughout the year, regardless of the maturation stage of the germ cells.
In Okinawa, G. fascicularis colonies spawn in the summer (July and August). Although the exact timing of germ cell differentiation and proliferation in G. fascicularis is unknown, oocyte maturation can be observed from May to July. Thus, high levels of telomerase activity cannot be accounted for by the proliferation of germ cells, though the complete absence of germ line stem cells in the outer wall tissue should be confirmed using stem cell markers.
The present results strongly suggest that the somatic tissues of the coral have telomerase activity.
Buds or young polyps grow faster than adult polyps, and hence may have a higher cell division rate and higher While telomerase expression is dramatically reduced in human somatic cells during embryonic development, leading to a limited proliferative capacity and life span (Wright et al. 1996) , telomerase expression in somatic cells has been reported in some invertebrates and vertebrates. Koziol et al. (1998) detected telomerase activity in the somatic cells of the sponge Suberites domuncula.
Telomerase activity has also been found in adult tissues of the sea urchins Strongylocentrotus franciscanus and Lytechinus variegates (Francis et al. 2006 ). In the two species of sea urchins, age-associated telomere shortening has not been observed, although they have markedly different life spans (Francis et al. 2006) . The teleost Oryzias latipes shows telomere shortening, despite considerable telomerase activity throughout life (Hatakeyama et al. 2008 ). Thus, the relationship between telomerase activity in somatic tissues and life span of organisms is not always simple and requires further study.
The present study demonstrated that somatic tissues of the coral G. fascicularis have telomerase activity. The presence of telomerase activity in somatic cells should be taken into account when we attempt to estimate a coral's age based on the telomere length of somatic tissues. The mechanisms that enable colonial corals to have long life spans and a high regenerative capacity require further study.
